In spite of recent signifi cant advances in reduction of mortality and disability, coronary heart disease (CHD) remains widespread both in Russia and around the world. Coronary bypass graft surgery (CABG) has proved to be the most effective method of CHD treatment, providing that conservative therapy is not effective enough. The aim of the present study was to reveal and correct postoperative cognitive dysfunction (POCD), developed under the conditions of cardiopulmonary bypass (CB) in patients with CHD within 12 months after CABG. A total of 87 patients were examined, all the patients underwent a course of drug therapy, 50 patients underwent a course of rehabilitation using computer-based stimulation programmes (once per day for 20 minutes within 10 days) in addition to medical therapy. A reliable improvement in results of the conducted research suggests that the proposed method provides safety and high performance in cognitive rehabilitation of patients with impairments of the higher brain functions after CABG. A relatively short course of rehabilitation (10 days) corresponded to the length of hospital stay of patients in the cardiac unit. However, even in such a short course we could obtain signifi cant advantage in terms of effi ciency of higher cortical functions recovery. Therefore, a course of rehabilitation using computer-based stimulation programmes in patients with coronary heart disease after CABG was proved to be an effective way of correcting cognitive function.
Introduction
In spite of recent signifi cant advances in reduction of mortality and disability, coronary heart disease (CHD) remains widespread both in Russia and around the world [1, 2] . Coronary bypass graft surgery (CABG) has proved to be the most effective method of CHD treatment, providing that conservative therapy is not effective enough [2] . Recent developments in surgery, diagnostics, anaesthesiology, cardiopulmonary bypass (CB), and critical care medicine have led to decline in number of post-operative complications and mortality cases in cardiovascular surgery and made the surgical indications signifi cantly extended. Prevention of neurological complications after cardiac interventions and reparative vascular surgical interventions remains one of the most important challenges for both neurology and cardiovascular surgery. With the constant development in surgical techniques the number of severe post-operative central nervous system (CSPs) was developed by the staff of the Department of nervous diseases with a course of medical rehabilitation of Professor V.F. Voino-Yasenetsky Krasnoyarsk State Medical University (patent number 2438574, 2012) [10, 16] . The proposed CSPs included sets of the structured, standardized and well-designed tasks for neuropsychological correction that could be performed using a personal computer. To ensure computer-based neuropsychological correction we used the visual memory training programmes with a sequence of tasks for memorizing diffi cult verbalized symbols, the Clock-Drawing Test for optical spatial arrangement gnosis training, the programme for impulsivity and attention span correction, as well as the programme for training counting ability. All the programmes provided the choice of exercises of the given level of complexity and duration and allowed the patient to get a quick feed-back. The described CSPs could be used at home and, consequently, were available to patients with severe physical handicaps. We published papers on the use of CSPs in patients with CHD in the early postoperative period following CABG [7, 10, 16] . The rehabilitation course with use of CSPs within 10 days once a day (provided that the duration of one session is 20 minutes), proved to be an effi cient way to correct cognitive impairments of a vascular genesis [7, 10, 16] . According to previously obtained data, the use of computer-based training in the early postoperative period promotes regression of postoperative cognitive impairment in patients who underwent CABG [7] . The aim of the study was to evaluate the effectiveness of using CSPs in the correction of early and late cognitive impairment in patients with coronary heart disease after CABG.
Methods
A total of 87 male and female patients with coronary heart disease were examined on the premises of the Federal centre for cardiovascular surgery (Krasnoyarsk was in the range of 4 to 47%. However, other works reported a higher frequency of neuropsychological impairment in the early postoperative period (from 30 to 83%) [8, 9] . Research over the last fi ve years indicates that the frequency of development of early POCD remains rather high -from 38 to 60% in 2 weeks and from 30 to 40% -in 8-10 weeks after CABG [10 -12] . The fact that before the surgery a signifi cant portion of patients with coronary heart disease (CHD) had cognitive disorders of various levels of severity is important for understanding the changes in cognition after CABG. According to the literature data, the frequency of preoperative cognitive impairment ranges from 20 to 40%. This frequency depends on the age of the presence or absence of hypertension, cerebrovascular disease, genetic predisposition and the level of education [6] . The majority of the works presented in the modern literature are devoted to short-term neuropsychological outcomes. Whereas the works devoted to the long-term neuropsychological outcomes after CABG performed with the use of CB are not so numerous. Perhaps this is due to the fact that among researchers in this area, it is believed that the development of postoperative cognitive dysfunction is reversible. They believe that after a certain time interval, the cognitive function is recovered. Thus, Selnes compared the indexes of the cognitive status of patients with an ischemic heart disease after CABG and without surgical intervention. Signifi cant distinctions between groups were not received [3] . Changes in the cognitive sphere were observed equally in both groups. Based on these results, the authors concluded that surgery did not affect the patient's cognitive status. Newman and colleagues in their work showed that fi ve years after CABG performed with the use of CB, the incidence of persistent POCD was 40% [13] . Cognitive decline from presurgical level in 5 years after CABG was observed in four cognitive domainsmemory, attention, psychomotor speed and abstraction [4, 13] . Thus, currently, there are no generally accepted criteria for the diagnosis of POCD, its structure is not clear, there are no convincing data on dynamics of its indices within a year, there is no unifi ed approach to neuropsychological testing conducting and there is no unifi ed approach to the assessment of the severity of cognitive impairment in patients who underwent CABG with the use of CB. Results of the reviews devoted to rehabilitation of patients with cognitive impairment in case of cerebrovascular pathology are published [14] . Some works are devoted to the application of computerized training of memory, attention and visual gnosis [7, 15] . Considering common features of a pathogenesis of vascular and post-operational cognitive disorders, a certain modifi cation of the classes provided, computerized training might be used in patients undergoing CABG. A method of correction of cognitive impairments in case of cerebrovascular pathology with use of the computer-based stimulation programmes All the patients were divided into two groups. The main group (n=50) included patients who underwent a course of rehabilitation with the use of CSPs (1 time per day for 20 min. within 10 days) in addition to usual medical therapy. The course was started within the second twenty-four hours after coronary bypass surgery. The control group included 37 patients who underwent a course of post-operative rehabilitation getting usual medical therapy. The average age of main group patients made 60.3 ± 6.83 years with a median value of 62 years [57; 69] ; the average age of the control group patients made 60.5 ± 6.42 years with a median value of 61 years [55; 66] (р>0.05). The pre-operative examination comprised general somatic examination, methods of functional diagnostics (echocardiography, duplex scanning of brachiocephalic arteries), neuropsychological testing. The diagnosis of coronary heart disease was confi rmed based on the WHO criteria, the presence of anginal thoracalgia or its equivalent, patients' medical history and instrumental methods of analysis. The estimation of the functional class of angina was made following the Canadian Cardiovascular Society Angina Classifi cation (ССS,1976) . To reveal the stage of cardiac failure (CF) the classifi cation after N.D. Strazhesko and V.H. Vasilenko (1935) was used. The estimation of the functional class of CF was made following the New York Heart Association (NYHA, 1964) classifi cation. The severity of angina corresponded to the II-III functional class (see Table 1 ). The patients were examined with the use of a standard scheme for neurological examination. Patients with mild cognitive impairments were included in the study according to the criteria formulated by R. Peterson (Peterson, 1997).
Cognitive defi ciency was revealed with the use of the MMSE scale, according to which the number of points less than 28 is indicative of a moderate cognitive disorder [17, 18] . Cognitive functioning was estimated with the use of the Frontal Assessment Test Battery [19] , the Clock Drawing Test [20] , mental capacity and psychic pace examination (Schulte Tables) [17] , spontaneous and tardy reproduction of acoustic and visual material [19] , association test (semantic speech activity) [21] , serial counting test from the Mattis Dementia Rating Scale (Digitspan, WAIS). The technique of overlearning of 10 words was applied in several steps. The fi rst step included words' overlearning on the fi rst presentation, the second one involved complete reproduction with fi ve repetitions, and the third one implied a tardy reproduction [22] . The emotional state of the patients was estimated with the use of the Hospital Anxiety and Depression Scale (HADS). POCD was defi ned as a decrease of least 20% from baseline in an individual's performance in more than two neuropsychological tests [23] . All the patients underwent CABG performed with the use of CB. Anaesthesia and perfusion were conducted conventionally. In the main group the CB duration made 86.9 ± 39.1 minutes, the aortic cross-clamping time -50.9 ± 33.0 мин. (р>0.05). In the control group the CB duration made 83.2 ± 32.6 minutes (р>0.05), the aortic cross-clamping time -50.1 ± 28.3 (р>0.05) (see Table 1 ). As it is shown in Table 1 , according to the EuroSCORE, no statistically signifi cant differences between the two groups were found in respect to age, CB period, angina functional class and EuroSCORE. By evaluation of central hemodynamics parameters in early postoperative period, statistically signifi cant decrease of systolic output (SO), ejection fraction (EF), end-diastolic and end-systolic volumes were registered. In our opinion, it is associated with post-surgical "trauma" and with the aftereffect of CB. However, 12 months after CABG, improvements in both SO and EF parameters were registered. This seems to be associated with improvement of coronary blood fl ow; adaptive processes leading to increased physical activity and decreased post-surgical "trauma" impact. No statistically signifi cant differences were registered among the study groups (see Tables 2, 3 ). During the initial neurological examination, lesions were registered in almost all of the enrolled patients. In group
During the post-operative period, within 6-12 months after surgical intervention, similar examinations were performed: general somatic examination, methods of functional diagnostics (echocardiography, duplex scanning of brachiocephalic arteries), neuropsychological testing. Statistical data processing was included non-parametric methods with the use of Statistica 6.0 (Statsoft Russia). In pair-wise comparison to value the signifi cance of the found differences between two dependent samples the Wilcoxon criterion was used, while independent samples were estimated with the use of the Mann-Whitney test. To study the association of quantitative attributes the Spearman correlation coeffi cient was used. Differences were considered as statistically signifi cant at р≤0.05.
Results and Discussion
Coronary artery bypass graft surgery (CABG) lead to improvement of clinical state in all patients, increase of 1, impairment of memory was registered in 48 % (24/50), performance decrement was registered in 52 % (26/50), while headache and dizziness complaints were registered in 30 % (16/50). In the control group, impairment of memory was registered in 45.9 % of cases (17/37), performance decrement was registered in 54 % (20/37), and headache and dizziness complaints were registered in 24.3 % (9/37). Assessing the neurological status of the persons included into the study revealed vague neurological symptoms in the form of vestibulo-ataxic impairments, pseudo-bulbar syndrome, and pyramidal signs. Cognitive function parameters at the preoperative stage were comparable in the main and the control groups (the Mann-Whitney test), р<0.05. According to the inclusion criteria, before the treatment the level of cognitive impairment in patients of groups 1 and 2 was comparable and conformed to the level of mild cognitive impairment (MCI). For characteristics of the groups, see Table 4 and Figure 1 . In the main group of patients receiving computer-based cognitive training in addition to standard treatment during the postoperative period, statistically signifi cant improvement was registered by day 12: on the MMSE scale (р= 0.001, Wilcoxon test), FAB (р= 0.007, Wilcoxon test), in analysis of optical memory (fi ve words memorization) with direct reproduction (р= 0.012, Wilcoxon test) at memorizing of ten words (total number of words) (р= 0.001, Wilcoxon test) ( Table 4 ). The parameters of direct and tardy reproduction of ten words, visual memorization of 5 words with tardy reproduction, Mattis scale serial counting and verbal fl uency (lateral and categorical associations) did not show statistically signifi cant improvement. However, these parameters remained at the preoperative level. By test result comparison among patients of groups 1 and 2 on day 12 statistically signifi cant differences were revealed: on the MMSE scale (р=0.002), FAB (р=0.001), tests for associative thinking (р=0.001), memorizing of 10 words with direct reproduction (р=0.002), total number of words (р=0.001), tardy reproduction (р=0.004), visual memorization of 5 words with direct reproduction, (р= 0.015), tardy reproduction (р=0.014), and Shulte tables attention assessment (р=0.014). 12 days after the surgery in the control group a total of eight neuropsychological tests showed statistically signifi cant deterioration (Wilcoxon test, р<0.5). When comparing 
Conclusion
CABG is the most effective surgical treatment for ischemic heart disease, as it improves the patient's quality of life and increases life expectancy [3, 4] . Currently, the clinical effectiveness of high-tech methods of CABG greatly exceeds the frequency of returning patients to work. This represents an acute social problem since most of the patients who suffer from ischemic heart disease and undergo cardiac surgery are people of working-age. POCD occupies a special place among cerebrovascular complications [17, 24] . The development of POCD in patients after cardiac surgery may lead to diffi culties in rehabilitation, reduction of social activity and the probability of returning to work [3, 10, 25] . Instead, in clinical practice the necessity of cognitive functions assessment before surgery and in the postoperative period is often underestimated. However, late diagnosis and therapy of cognitive impairment can lead to further progression of cognitive disorders. Our fi ndings demonstrated a high risk of cognitive decline after 12 days after CABG in the control group. In the group with the use of CSPs the results showed the most signifi cant preserve of the preoperative level of cognitive functioning, in spite of a surgery. We even noticed improvement in most tests. 12 months after CABG in the group with the use of CSPs we have managed not only to return the indices of cognitive functions to their original values, but also signifi cantly improve the performance in almost all tests. A reliable improvement in results of the conducted research suggests that the proposed method provides safety and high performance in cognitive rehabilitation of patients with impairments of the higher brain functions after CABG. A relatively short course of rehabilitation (10 days) corresponded to the length of hospital stay of patients in the cardiac unit. However, even in such a short course we could obtain signifi cant advantage in terms of effi ciency of higher cortical functions recovery. The complex rehabilitation actions concerning presurgical scheduling of a type and volume of intervention, and also targeted cognitive stimulation are necessary for the complete recovery of cognitive functions. A number of important questions remain unanswered in the theory and practice of cognitive rehabilitation. However, in spite of these problematic issues, more and more specialists emphasize cognitive rehabilitation of patients with CHD who need surgical revasculization.
Confl ict of Interest Statement
The authors declare that there is no confl ict of interest regarding the publication of this article.
